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Introduction
Internal disc disruption (IDD) is the most common source of chronic low back pain (CLBP) followed by facet joint pain (FJP) and sacroiliac joint pain (SIJP) [1] [2] [3] [4] . Schwarzer's initial prevalence estimate for lumbar IDD (39%) was reported from a CLBP group comprised of 61% male subjects [2] . Female gender has been shown to correlate with SIJP by some investigators [5, 6] but not others [3, 7] . Similarly, FJP has been suggested to occur more frequently in female CLBP subjects [4] , yet FJP has also been documented in young, male adult CLBP patients [8] . Gender has been shown to not influence CLBP patient's report of exact or similar LBP during discography [2] .
Age has previously been shown to correlate with the source of CLBP in adult subjects [1] . IDD tends to occur more routinely in younger CLBP patients while prevalence bs_bs_banner of FJP and SIJP increases with age [1, 4, 9] . Controlling for the effect of age would allow more definitive assessment of gender on sources of CLBP and vice versa. However, such a study has yet to be published.
Body mass index (BMI) has been shown to correspond in a dose-dependent manner with disc degeneration [10] . Samartzsis et al. performed a cross-sectional analysis of 2,252 Chinese citizens and reported a positive relationship between BMI and disc degeneration (DD). BMI was shown to be positively associated with DD severity, number of DD levels, and herniation score after adjusting for subject age and workload [10] . Although this is the largest populationbased study to systematically assess lumbar DD and BMI, the relationship between BMI and the specific structural source of CLBP has yet to be explored. Irwin et al. found no association between proven SIJP and BMI [9] . Yet, Heuch et al. observed increasing prevalence of nonspecific CLBP in individuals with high BMI regardless of gender [11] .
The purpose of the present study was to explore the effects of age, gender, and BMI on the specific source of CLBP, collectively, in order to assess for a link between a combination of these variables and the structural etiology of CLBP. Because each of these variables may either mediate or moderate the relationship between the other variables and CLBP, a multivariable model that considers these variables in conjunction with each other may better illuminate the effects they have on the specific source of the patient's CLBP.
Methods

Participants
After Institutional Review Board approval, 378 consecutive charts from 358 CLBP patients presenting between November 2007 and December 2008 were reviewed. Patients were evaluated at a community-based academic interventional spine care practice after being referred by community and university physicians from many subspecialties. Enrolled cases were patients with CLBP unresponsive to physical therapy, analgesics, and/or anti-inflammatory medications.
Eighteen patients presented with more than one case during the period the charts were reviewed; 16 patients with two cases and two patients with three cases, for a total of 38 cases. Seven of the 18 patients presented with multiple cases at the same point in time (six with two cases and one with three cases) and the remaining 11 presented at different points in time (10 with two cases and one with three). The seven cases with multiple cases at the same point in time were excluded as these sources could not be reasonably considered to be independent events. Of the remaining 363 cases from 351 patients, 157 cases underwent diagnostic injections and 206 did not due to clinical improvement in their symptoms. These patients were excluded from the analysis. Thus, the sample used for analysis consists of 157 cases from 153 patients who underwent definitive diagnostic spinal injections to identify the source of their CLBP in order to implement more definitive treatment.
Measures
To determine the source of CLBP, each patient underwent provocation lumbar discography, dual diagnostic medial branch blocks with local comparative anesthetics, intraarticular diagnostic SIJ injections (SIJB), injection of anesthetic into putatively painful interspinous ligaments/ opposing spinous processes/posterior fusion hardware, or percutaneous augmentation depending on the clinical presentation [1] . Some subjects underwent multiple diagnostic injections until the source of their LBP was identified. If the initial diagnostic injection was negative, the next most likely structure in the diagnostic algorithm was interrogated. However, once a source of the subject's LBP was identified, subsequent diagnostic injections were not performed. This interventional spine care diagnostic algorithm was consistently applied to all consecutive CLBP patients evaluated by the lead author and has previously been published [1] .
Positive discography was defined as concordant/partial concordant LBP (>6/10) at low pressure (<50 psi over opening pressure) due to ՆGrade III annular tears [12] [13] [14] . Diagnostic blockade of FJ, SIJ, or other structures was deemed positive if the patient's index pain was relieved by Ն75% after injection of each anesthetic [15] [16] [17] . In the case of fusion hardware blockade, minimal relief (<75%) after the placebo injection was required to constitute a positive block. Insufficiency fractures were deemed the source of LBP if the patient's clinical symptoms were significantly reduced after percutaneous augmentation [18] [19] [20] [21] [22] [23] .
Based on the results of diagnostic injections or LBP reduction after percutaneous augmentation, subjects were classified as having IDD, FJP, SIJP, or other sources of LBP (fusion hardware mediated soft tissue pain, Baastrup's disease, or vertebral or sacral insufficiency fractures). The classification of this source of CLBP was the primary outcome variable of interest in this study. The predictor variables considered for this analysis were available from the patient's charts and include age at initial presentation, gender, height, and weight. BMI was calculated from the height and weight measurements.
Statistical Analyses
Initially, the prevalence of each source was estimated in this population by computing the proportion of patients with each diagnosed source presenting with CLBP out of all diagnosed patients. The mean age, proportion of males/females, and mean BMI for each of the diagnostic groups were estimated and compared statistically between the IDD, FJP, SIJP, and other source groups using analysis of variance and chi-square tests.
Next, the bivariate relationship between each of the predictors (age, gender, and BMI) and the probability of the sources of CLBP (IDD, FJP, SIJP, or other) was estimated with multinomial logistic regression analyses assuming a generalized logit link function. The three predictor variables were then simultaneously modeled with a single multinomial logistic regression model to explore the adjusted relationship between the predictors and the source of CLBP. Pairwise interaction effects among the three variables were tested to determine if the effect of one predictor on the source of CLBP depends on (i.e., is modified by) another predictor. Odds ratios and 95% confidence intervals (CIs) were used to describe the relationship between the predictor variables and the source of CLBP. The significance level for all tests was 5%. SAS v.9.2 (Copyright © 2002-2008 by SAS Institute Inc., Cary, NC, USA) was used for all data analyses and Microsoft ® Office Excel ® 2007 was used for all graphics.
Results
Cases of CLBP were primarily female (67%), presented at an average age of 54 years (standard deviation [SD] = 16.1), and had a median duration of LBP of 12 months (interquartile range [IQR] = 6 to 36). The estimated prevalence of each source of CLBP in this population is summarized in Table 1 .
Patient characteristics are summarized by source of LBP in Table 2 . The mean age was significantly different among the source groups (F [3, 153] = 27.5, P < 0.001). IDD cases were significantly younger than FJP, SIJP, and other source groups, and FJP cases were significantly younger than other sources. Mean age was not significantly different between FJP and SIJP, or between SIJP and other sources. The percent of female cases was significantly different among the source groups (c 2 = 12.7, df = 3, P = 0.005). SIJP cases had significantly greater percentages of females than IDD or other cases of CLBP. The percent female was not significantly different between FJP and SIJP, or between other and IDD, FJP, or SIJP sources. The mean BMI was significantly different among the source groups (F [3, 151] = 4.9, P = 0.003). FJP cases had significantly higher BMI than SIJP cases. There were not significant differences in mean BMI between IDD and FJP, SIJP, or other sources, or between other sources and IDD or SIJP.
The probability of the sources of CLBP was modeled as a function of each predictor variable, without adjusting for other characteristics. Each predictor was significantly associated with the source of CLBP: age (P < 0.001), gender (P = 0.005), and BMI (P = 0.001). A multivariable generalized logistic regression model indicated that age (chi-square = 37.5, df = 3, P < 0.001), gender (chisquare = 10.8, df = 3, P = 0.013), and BMI (chisquare = 9.5, df = 3, P = 0.024) were each associated with the source of CLBP, after controlling for the effects of each other. There was no evidence of significant pairwise interaction effects between age and gender (P = 0.73), age and BMI (P = 0.40), or gender and BMI (P = 0.29).
The unadjusted and adjusted odds ratios comparing the sources for a 5-year increase in age, for females vs males, and for a 5 kg/m 2 increase in BMI are summarized in Table 3 . Increases in age were associated with significant decreases in the adjusted odds of IDD vs FJP, SIJP, and other sources and decreases in the adjusted odds of FJP and SIJP vs other sources, after controlling for gender and BMI. Being female was associated with significant FJP = facet joint pain; IDD = intervertebral disc; IQR = interquartile range; SD = standard deviation; SIJP = sacroiliac joint pain.
increases in the adjusted odds of SIJP vs IDD, FJP, and other sources, after controlling for age and BMI. Increased BMI was associated with significant increases in the adjusted odds of FJP vs SIJP, after controlling for age and gender. The adjusted predicted probability of each specific source of CLBP and the associated 95% CIs are summarized by age (20, 35, 50, 65 , and 80 years) and BMI (18.5, 25, 30, and 35) , for males and females in Tables 4 and 5 , respectively, and plotted in Figure 1 .
Discussion
In summary, all three variables, age, gender, and BMI were significantly associated with the source of CLBP. These findings suggest that decreased age and being male was associated with an increased probability of lumbar IDD as the source of CLBP for adult patients. FJP was more frequently associated with increased age and increased BMI. Older age, decreased BMI and being female was associated with SIJP. This is the first publication to assess the combined relationship of age, gender, and BMI on the source of CLBP in consecutive patients undergoing definitive diagnostic spinal injections and further research supporting these relationships are warranted.
Irwin et al. previously reported an association between increased age and SIJP but no association between SIJP and gender and no difference in BMI between SIJP and non-SIJP [9] . However, these investigators did not perform a multivariable analysis to control for multiple variables while assessing just one. Furthermore, the CLBP cohort studied by Irwin et al. was described as SIJP or not. So the association of BMI with SIJP and other specific sources (IDD or FJP) could not be examined. Potential explanations for an association between SIJP and female gender and lower BMI include pregnancyrelated changes to the SIJ [24] [25] [26] [27] [28] , different biomechanical behavior of the SIJ between genders [24, 29, 30] , and displacement of weight line anterior to the pelvis in lower BMI subjects. Specific examples of pregnancy-related factors such as poor pelvic floor musculature conditioning, intra-articular bleeding during birthing process, and hormonal induced joint laxity may explain why we observed a significant relationship between female gender and SIJP.
Degenerative spinal changes are more prevalent with age [31] [32] [33] . Inherent in this process is loss of disc height and increased load borne by the posterior elements [34] . Consequently, FJP may become more prevalent in older age groups given these biomechanical changes and load transfer within the aged lumbosacral spine. Perhaps, the influence of BMI in the female gender supports this relationship. Increased BMI in women with LBP apparently increases lumbar lordosis [35] . Load on the facet joints increases with upright posture especially in the setting of disc degeneration [34, [36] [37] [38] . Although lumbar hyperextension as an isolated physical exam maneuver does not provoke pain in injection proven FJP CLBP [39] , the previously mentioned biomechanical features are descriptive of the patient cohort likely to experience FJP.
Perhaps most interesting was our observation of a lack of association between BMI and IDD in chronic LBP patients. This finding is not entirely compliant with previous reports insinuating a positive association between BMI and disc degeneration evidenced by lumbar spine magnetic resonance imaging (MRI) [10] . A simple and quick explanation is that disc degeneration on MRI cannot detect IDD [40] and is therefore an unreliable screening tool for IDD [41] . BMI evidently correlates with the presence of MRI morphologic changes of disc degeneration but, based on our results, it does not appear to relate with painful discs meeting criteria for IDD. The association between male gender and IDD may reflect genetic predisposition [42] , propensity for gender differences in lifting activities, or selection bias inherent in a retrospective review. For example, we did not specifically address and control for smoking and occupational workload such as repetitive lifting.
Figure 1
Probability of CLBP sources by age and BMI for males and females.
Ultimately, one could argue that we erroneously calculated the prevalence estimate for lumbar IDD, FJP, and SIJP. Each patient we analyzed underwent definitive diagnostic procedures until we reached confirmation of the source of that patient's LBP. If a patient was initially evaluated with diagnostic FJ and/or SIJ blocks that were negative, that patient underwent discography to verify the presence of IDD and vice versa. Only patients whose clinical status improved with proper care did not undergo diagnostic procedures. Application of meticulous technique and strict adherence to supported operational criteria for discography [14] will minimize false positive rates to acceptably low levels [13] allowing accurate detection of IDD [2, 14, 43, 44] . Similarly, sufficiently performed diagnostic FJ blocks and SIJ injections are associated with acceptable false positive rates. We have previously reported our results using this approach [1] .
Still, our retrospective methodology is limited by inherent selection bias. Stated differently, the sequence of the diagnostic injections may prejudice subjects to responding to their first diagnostic injection. Medial branch and sacroiliac joint blocks may be more prone to this error than controlled provocation discography. The optimal scenario would be to expose all study subjects to all diagnostic injections in a randomized order. Such a study is impractical and would not be accepted by patients. Under these circumstances, our data is a best possible estimate. Strengthening our stance are Schwarzer's findings of multiple positive injections occurring in Յ3% of a reasonably large cohort of subjects undergoing two or three of our diagnostic injections [3, 45] . On these grounds, our presented data could be viewed as possessing an acceptably low 3% error margin.
Lastly, if our findings were skewed by false positives, we would have likely observed different prevalence data less congruent with previous reports. By virtue of the fact that most previously reported prevalence estimates for each diagnostic group (IDD, FJP, SIJP) fall within our CIs for each group, our findings are likely fairly accurate [3, 45] .
Conclusions
Our preliminary findings suggest there is a significant relationship among gender, age, and BMI and structural causes (IDD, FJP, SIJP) of chronic LBP. Lumbar IDD is more prevalent in young males while FJP is more prevalent in females with increased BMI. Female gender and low BMI are associated with SIJP.
